AD-AO93 220 NAVAL RESEARCH LAB  WASHINGTON DC F/6 w71
THE CURRENT CONVECTIVE msnsu.nv AS APPLIED. TO THE AURORAL 10--ETCI(U)
DEC 80 P K CHATURVEDI» S L OSSAK

UNCLASSIFIED NRL-MR-4415

IIIIIIIIIIII

END

mm

bTIc




SECUXITY CLASSIFICATION OF THIS PAGE (When Date Entered)

i

2 s
e m——

e

GMenovandum _»5,94/

REPORT DOCUMENTATION PAGE BEF O O R

-

JHE CURRENT QONVECTIVE INSTABILITY AS =~

p o

. REPORT NUMBER ﬁVT AGCESSION NQ.| 3. Rﬁﬁ‘inr's CATALOG NUMBER
NRL Memorandum Report] 4415 023_:
A. TITLE (end Subtitle) S. TYPE OF REPORT & PERIOD COVERED

el Interim report on a continuing
NRL problem.

6. PERFORMING ORG. REPORT NUMBER

»

APPLIED TO THE AURORAL JONOSPHERE, ¢
£ & -

B i L SR SRR L

/90

T

8. CONTRACYT OR GRANY NUMBERC(s)

7Y

7. AUTHOR(s) -y'_?"——-—-—
P. K. aturvedi*)d S. L. f)ssakow ;

AR g iAo S

10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

61153N; RR0330244; 47-0883-0-1;
62704H; 47-0891-0-1

9. PERFORMING ORGANIZATION NAM,E QED_AADD‘EESS

Naval Research Laboratory { “?! 2 éa

Washington, D. C. 20375

11. CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATE

December 19, 1980
Defense Nuclear Agency, Washington, D. C. 20305 V3. NUMBER OF PAGES
& Office of Naval Research, Arlington, VA 22217 24

Tq. b AT POy in tice) | 15. SECURITY CLASS. (of this report)
S T - T VA §
@ S& gj el a4 Q'L i UNCLASSIFIED

5‘ - 15a. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

=3

6. DISTRIB

(I

P

Approved for public release; distribution unlimiledZ"'"""“*"-

o4y, CCo /

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 30, if ditferent from Report)

AN

~

18. SUPPLEMENTARY NOTES

This research was sponsored partially by the Defense Nuclear Agency under subtask S99QAXHC066, work unit 13,
work unit title “Magnetospheric and High Latitude Implications;” and partially by the Office of Naval Research.
*Berkeley Research Associates, Arlington, VA 22209,

19. KEY WORDS (Continue on reverse aide if necessary and identily by block number)

Current convective instability Highly collisional effects
Auroral ionosphere Electromagnetic effects
Linear theory Application to E and F region

Ion inertial effects

20. ABSTRACT (Continue on reverse side If necessary and Identify by block number)

|17 We extend the previous analysis of the current convective instability as applied to the diffuse auroral situation
(Ossakow and Chaturvedi, 1979) to include ion inertial effects, important at high altitudes; and to the case in whic
jons are highly collisional (non-magnetized), a situation which is realized at E-region altitudes, In the inertial
domain the instability growth rates are comparable to those found in the collision dominated domain. This
extends the applicability of the instability process to high altitudes. The relevance of the instability to the
E-region is dicussed. Finally, electromagnetic effects, which can be important for long wavelengths, are considered
and are found to be small in ionospheric situations. 4(

DD ':2:"" 1473 eoiTion OF Y NOV 68 1S ORSOLETE

S/N 0102-LF-014-6601

28175

SECURITY CLASSIFICATION OF THIB PAGE (When Dara Bntered)

—




1. INTRODUCTION

I1. THEORY

’

riécessién For

..............................................

NTIS GRA&I
DTI™ TAR )
Unarnounced 0

Justification |

By . . _

- —————

Ditributiony
Availability Codes
Avail and/or

i '
'Dist | Special

|

CONTENTS

......................................................

..........................................................

....................................................

..........................................................

jii

DTIC

ELECTE
DEC 29 1980

D

e N RIE A R

%

e

™




THE CURRENT CONVECTIVE INSTABILITY AS APPLIED
TO THE AURORAL IONOSPHERE

1. TINTRODUCTION
. Recently the current convective instability has been suggested as a

possible mechanism responsible for irregularities causing scintillation

phenomena observed by the DNA Wideband Satellite during diffuse auroral situa-

tions [Ossakow and Chaturvedi, 1979; Chaturvedi and Ossakow, 1979; Vickrey et

al., 1980]. The observations seem to suggest the scintillations as being

caused by L-shell aligned, field aligned, large scale irregularities co-

located in the regions of soft particle precipitation and horizontal plasma
density gradients with the source region confined in latitude [Fremouw et

al., 1977; Rino et al., 1978; Rino and Owen, 1980]. The current convective

instability occurs in regions where the field-aligned currents exceed a cer-
tain threshold, determined by the ambient parameters, etc., in the presence

of a plasma density gradient transverse to the magnetic field [Kadomtsev and

Nedospasov, 1962].

The linear theory of the instability as applied to the auroral situation
appears to give plausible growth times, regions of occurrence, etc. [Ossakow

and Chaturvedi, 1979; Vickrey et al., 1980]. Some of the observed features,

like L-shell alignment and percentage fluctuation of irregularity amplitudes,

may be explained by a nonlinear saturation mechanism of the instability that

invokes mode coupling to damped modes in a two-dimensional treatment perpen-

dicular to the magnetic field [Chaturvedi and Ossakow, 1979]. The field-

aligned currents cause weak shear in the magnetic field with shear lengths
comparable in order of magnitude to the parallel scale sizes of the
instability-driven unstable modes. The effect of shear is to reduce the
growth rates somewhat but to spatially localize the mode in the density

gradient direction [Huba and Ossakow, 1980]. The first global numerical

simulations [Keskinen et al., 1980] performed for the nonlinear current

Manuscript submitted October 24, 1980.
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convective instability show that during the nonlinear evolution the regions
of enhancements move equatorward while those of depletions drift polewards. 4
In addition, the power spectrum of the density fluctuations follows a power
law with a typical value in the vicinity of ~ k-z. 2

In the present work we have extended the previous linear analysis of the

current convective instability [Ossakow and Chaturvedi, 1979] to include ion

inertial effects, which assume importance at high altitudes where the ion-
neutral collision frequency gets smaller. We find the growth rates to

remain of the same order of magnitude in the inertial case as they were in

RS+ T W

the collisional case [Ossakow and Chaturvedi, 1979]. At the same time, we f

present the growth rate expression of the current convective instability for
the other limit when ions are strongly collisional, i.e., Vin > Qi' as is )

the case in the E-region fonosphere. Further, as is well known, in consider- v

ing long wavelengths such that ck/we < 1 (where c is the velocity of light,
k the wave number and w, the electron plasma frequency), one should consider
electromagnetic effects also [Kaw et al., 1974]. We find these effects to be
very small in the ionospheric situation.

In the next sections, we first present the growth rate calculations for
the ion-inertia dominated regime and for the case of strongly collisional

ions, then the effect of electromagnetic corrections on the growth rate, and

in the final section we discuss them for the ionospheric application.

II. THEORY
A. Ton Inertia Effects
We shall work in a coordinate system which has its z-axis aligned with '
the magnetic field, go, with its y-axis pointing northwards, and the x-axis

pointing westward. A field-aligned current, along the z-axis and a plasma
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density gradient along the y-axis are assumed as a part of the equilibrium.
This neglects a weak altitude dependent gradient, any east-west gradient and
any equilibrium electric fields. The temperature effects responsible for
diffusive damping are ignored for simplicity as is magnetic field shear.

The electron inertia is neglected for the low frequencies concerned in the
paper and Ven® the electron-neutral collision frequency, is neglected in
comparison to vei’ the electron-ion Coulomb collision frequency, which is a
valid assumption at F-region altitudes. The zero-order current is assumed to
be caused by an equilibrium drift A of electrons over ions along the z-axis.
The perturbations are assumed to vary as & exp (ikxx + ikyy + ikzz ~ iwt) and
the local approximation is used in the analysis which is justified as long as
we consider wavelengths to be small compared to the density gradient scale-~
length (ky >> dhn no/dy).

With these assumptions the electron velocities are given as

eEz kze ~
Vée T mv =i mv_, ¢ )
ei ei
_ cgixi _ (V¢¢XZ )
—ie B - B (2)
o o

where the electrostatic assumptions for perturbed electric fields,
E=> -~ V3 has been used.

The ion momentum transfer equation is

dv

53 en
Mn > enkE + — (v
ot -1 c (—4

i* Eo)x - anin Y 3

The perturbed ion-velocities in the perturbed fields can be written as

v o1 Vin .8 1 eV éxz “
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41 1+ V% Y5 MY 14 Vg MQ,

(2,2 1512 y




eB
[

- iw, &, = — .

where v =y { Mo

in in

It is easily verified that under the present approximations

Y,y 0

The continuity equation for the two species is

on
Q
5t + VL

*(nv ) + . (

a—Q oz )=0

"oV za
with a = e, i. Any production and loss due to recombination has been
neglected.
(2) and (7) lead to
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Similarly, eqs. (6) and (7) lead to
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The difference of eqs. (8) and (9) leads to

~ ~ Lad ~ 2 ~ .u.
v a0l |y Vin eV ¢ .y Yin eV ¢ xzog
2
ozm, 1 Qi MQi Qi “Qi
k
. P} e Z o~
dz (mv ‘t’) (10)
ei
where Qi >> G;n has been assumed in addition to the quasi-neutrality
{ assumption R; & ;i = 7.

The dispersion relation is obtained from (8) and (10) and is

| kz2 QeQi vokzni
E w? + iw (Vin+W + X €e™0 (11)

1 vei 1

where some small terms have been neglected. Splitting w = w, + iy, the

growth rate is given as

1 - 1 -, AVOkZQie i
YTV Fr A Ve Y TR (12)

1
k2aQn
v ={, + 22 e ]
in in k_L vei

Equation (12) can be maximized with respect to kz/kx and this maximum growth

where

i

rate is obtained from the cubic equation for kz/k;

3 2
EE - EE Ye1¥in 21 Vei a0 (12a)
k kK faa T2 Vo QM g a

1

It 1s simple to recover the collisional growth rate from (12), for

) w ke
vzin >> ———— , one gets
1




a e
YU X2 (13)

z ei in
— +
k; Qeﬂi

which 1s the same as before [Ossakow and Chaturvedi, 1979; Chaturvedi and

Ossakow, 1979]. The maximum growth rate in this case occurs for (which also

results from (l12a) by neglecting the last term on the lefthand side of (12a))

Qeni

(Ei_)a. Veivy\

and is

k

voe m vei
YCM“'—Z“(E ;—) (14)
in

In the limit v n ™ 0, we recover the purely inertial case from the

i

growth rate expression given by (12),

k2QQ K40 2.2 4y ek |7

z edi 1 z e 1 y0 z1
" 2

kl vei 2 kL vei k;

(15)
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A simplified expression of growth rate for this case can be obtained when

by k sk \* v 2
1 >> 0z 1 ei ¢
k k /02 Q
it z e i

then one gets
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z e
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Maximum growth rate in this case occurs for (from (15) and also results from

(12a) by neglecting the second term on the lefthand side of (12a))
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It should be noted that in the inertial case the value of kz/kL which maxi-

mizes the growth rate depends on instability driving parameters, v, and €,

and not just background ionospheric parameters, Vei’ Vin’ Qe, and Qi’ as well

the case in the collision dominated regime.

B. Collisional Ions

We now consider a situation wherein ions are highly collisional such

that Vin >> Qi. This situation is frequently realized at E-region alti-

tudes in ionosphere. The ion and electron velocities may be written as

ek, eEz
i owv, 0 Vzi W, (173
in

cE xz eEz
(18)

\ v
~le B * Vze mv
e} en

Upon using the electrostatic assumption, one can readily write the ion and

electron continuitv equations as

;’ ekJ.2 ~
o mT i (19)
3] in
and
~ k xz*Vn ~ ek 2 ~
_ n_o.,_¢c = o 4 z ¢
‘ (w Vokz) n B n i my (20)
o o o en

where the quasi-neutrality assumption has been used. The difference of the
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above two equations yields

"~

n L x
vk — =

n

ek 2 ck_ ek,?
"B L ¢ -1 mv
[s] in s} en

? (21)

=
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Vok~
w v, k.2 v, \ (22)
1+ M oz i _in 1
mv k Q. kL
en 1 i i
One puts w = wR + iy, then
v, k_2\-!
~ M "in "z
wp vokz (1 + v E—E) (22a)
en 4

The growth rate expression from eq. (22) is

Y
Y 2 \2 /v 2
M n 2z in 1
(1 Yav k2 )+(Q. K L) (220)
en L i "1

For typical E~region situations, m/M ~ 2 x 1073, v

- 3.-1
in 2.5 x 10°%s *,

Van ™~ 4 x 10%s~!, and assuming LaalOkms,vo ~ 2x10“cm/s, etc., we find

M vin kz2 Vin 1 ° y 3
- > = — ~ —2g- ~ 10~ -1
m Ven RLZ (Qi kLL> ,» SO that we 3.5 x 107 ¢s and vy 107 °sec™', where

v
kz/k ~ (M/m ;—jﬂ)-% ~ 1072 was used with A‘L ~ 300 m. We note here that at
en

E-region altitudes, an ambient electric field transverse to the magnetic

field causes growth of perturbations due to the so-called E x B instability.

The growth rate expression for this cross-field instability may be written as

(Sudan et al., 1973)

, ke
~ v [ x e .
Y T+ \k?2v R

en

g SR T e 2




vV,
o ke ~_enin 1 o _9
where w, 5~Yo/(1+¢)' Y SRR W TR
e'i
(with Eo bein~ ‘he primary transverse electric field). Here temperature
effects have been ignoved for simplicity. The growth rate due to the E x &
instability can be much higher depending upon the parameters. Thus, for
3 -1

-1 - -
~ 10 s l, in contrast to Y ~ 10 "s

v o~ 100 m/s, L ~ 10 km,
o cc

obtained above for the current convective instability.

C. Electromagnetic Effects

In this section we present results on the electromagnetic effects on the
growth rate of the current convective instability. We consider the case in
which temperature effects are ignored in addition to the ion and electron
inertia. Instead of the electrostatic approximation, we use the full set of

Maxwell's equations,

o

; VxB = =L J +

- [

Q[
Q) o/
o |
0|
OJl o
| |m

The two equations above can be combined into one as,
V2E - V(V+E) = br = (23)
= = cZ ot

where the displacement current has been ignored for the low frequencies

concerned. The perturbed current is

-
J>nev, —-nev_ - nev z (24)
= o i o e )

where the perturbed ion and electron fluid velocities are given by

v, eE ¢E xz ek
in —1 -1 2
VS = ™ — (25)

and
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(w-k v )
v > zo_Ex£+c_
-1 B0

c 2 Y
% B, m kxz E_, v (26)

o e - e —

The rest of the perturbation analysis follows the procedure outlined in
the preceding section. Use of (25) and (26) in (24) gives J which then is
substituted back in eq. (23) to yield three component equations. The dis-
persion relation is obtained from the determinant of these three component

equations and is, after some algebra,

|
]
{,
2 4
w VeVin + kz v k VinYen i vokz Ven® !{
k2] ~ aa, -~ B’
Qeai. k.Lz 0z e i Qe k.L f
2
+ Ye w Vin PR Vokz VeVin vokzE ve]a_ 0
2k 20 (T ra - '
c kl Qi Qe Qe Qeﬂi Qek-’_ Qe 4
'
27)
)
The electrostatic limit can readily be obtained from eq. (27) by using the
w w
approximation E%_ << 1. 1In the opposite limit, C—E* 2 1, electromagnetic
1 L

effects can be stabilizing or destabilizing depending on the parameters.
However, for the auroral F-region situation they turn out to be negligibly

small. The growth rate in this regime is, from eq. (27),

v 2 fv \2
N oz kl Qe w vin(vokz) k.n. Qe
LA v v

e
k2 v T T2z aaq k 2 v, \3 (28)
z+ei c k e i z , _ed
k2 Qn0 k2 Q0
L e 1

e i

1

For typical parameters, we ~ 1,7x107 rad s ', >‘.|. ~ 1 km, we/ckl ~ 10,

-4 -l
vin/ﬂi ~ 2.5%10 7, ve/Qe ~ 10

, Oe ~ 5x108, vy~ 5%10%cm/s, )‘z ~ 10%km,
! L ~ 50 km, the second term in eq. (28), though stabilizing, is ~ 1078571
compared with the typical growth rates of the current convective instability

in the auroral ionosphere which go as ~ 10-3s~1. Thus we find that in the

,; 10




ionosphere the growth rate is unaffected by electromagnetic effects for the
current convective instability. In a parameter regime where Vin/Qi > E/kx’
the electromagnetic effects on the current convective instability can be

destabilizing, with the growth rate becoming,

vk e v v \2
oz v ee
0 k e w2 v, (v k )? (sz s’z.)
~ __e___l_____ + e in 0o z e 1 (st)
Y k 2 vy 2k 2 .0 k2 vow.\3J
z_ , ¢ i 1 ie z , e i
k 2 QQ k ? Q0
1 e i 1 e i

This parameter regime may be satisfied at lower altitudes in the ionosphere.

ITI. DISCUSSION

We have presented in the previous sections the growth rate expressions
in the case when ion-inertia is important (eqs. (12), (15), (16)); ions are
highly collisional (eq. 22) and in the case when the electromagnetic effects
are included (eq. (28)). This extends our previous analysis wherein we
applied the current convective instability to the diffuse auroral situation
ignoring ion-inertia, and using the electrostatic approximation in the

analysis (eq. (13), (14)) and v, << Qi [ 0ssakow and Chaturvedi, 1979].

in

For tvpical ionospheric F-region parameters at auroral latitudes at

350-400 km altitudes, we have v_ ~ 500 m/s, m/M ~ 3x107°, v_, ~ 5x10°,

ei
-1

Vin ~ leO-?, v ~ L~ 50 km, we see that from eq. (14), Yem ™ 3x10_}soc—
and similarly from eq. (16), Yim ~ 3x]0_3sec—l. We find that the growth rate

remains the same order of magnitude in the collisional and inertial

~3 - .
domains, At higher altitudes, where vin “ 10 s 1, vei ~ 30, one finds that the

-1, -3 -1 e
growth rate for the same values of v, and £ , is ~ 3x10 s . Thus one can

conclude that the current convective instability is applicable equally well

to higher altitudes In the ionosphere where Vin becomes smaller {n contrast to

Saladit




the collisional case presented in our previous work [0ssakow and Chaturvedi,

1979]. Thermal diffusion will damp out the modes at a rate proportional to
v k 2

a S + ;E— ) [Chaturvedi and Ossakow, 1979] which determines the

e i in

threshold for the instability, and for a given set of parameters correspond-

~ 2 2
s (kl

ing to instability, determines the cut-off scale lengths, below which the
system is stable. For the present set of parameters, the stable (damped
modes) wavelengths correspond to A;D £ 70 m and X“D & 400 km. 1In the limit
of highly collisional ions, corresponding to E-region altitudes, the growth
rate can be on the order of ~ 10—3sec-]. However, the presence of transverse
electric fields of moderate strengths (a few mv/m) would cause growth at a
much faster rate due to the well-known ExB instability. The electromagnetic
effects on the growth rate can be similarly estimated, and for the above set
of parameters, for wavelengths ~ 1 km, they turn out to be a factor ~ 10—3
smaller compared to the electrostatic growth rate, and are rather small to

have any effect.
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ATMOSPHER . SCIENCES LABORATIRY

.. ARMY ZUECTRONICS COMMAND

MLTE SANDS M1551_E RANGE, WM 800!
JPTYATIN DELAS-ED F, NILES

JIRECTOR

SMD AQVANCED "Bl TR

MUNTSVILLE  Fe e

P, . Ax (%dp

MUNTOSVIL R, AL 3687
Ml ATTN ATTLT O MEL VN T LAPPS
01CYy  ATIN ATC WO w. DAVIES
Jley  ATYN ATU-A 0 DON ALSS

PROGRAM MANAGE R
WO PROGRAM 5 | g
5001 2 1SenUmER AVENLE
ALEXANDRIA, va 22133
Loy ATTN Sach-gMT L. SmtA

HIEF of ERVEES JIVISION

.3, ARMY  JMMUNT CATIONS MO
PENTAGUN <M (318G
WASHINGT N, DL 081D

DY ATIN L€ -5ty (€Y DlviSiON
OMPMANOE R

ERADCAM TuU MN] ZAL SUPPURT ACTIV]TY

JEPARTMENT JF “ré ARMY

EORT WONMOUTH, N.u. 37703
QUTT ATIN DRSEL-M QD ™. BENNET
ALY ATTN DRSEL-PL-ENV . BOMKE
WY AT L UTEY
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COMMANDER
HARRY D(AMOND LABORATORIES
3 DEPARTMENT OF THE ARMY
2800 POWDER MILL RQAD
ADELPHI, MD 20783
(CNWOL-INNER ENVELOPE: ATTN: DELMO-REM)
QLY  ATUN OELMD-T| M. WEINER
Q1CY  ATTN CELHO-R8 R, wWI_LIAMS
0ICY ATTN DELHO-NP F. wlMENITZ
01CY ATYN DELHO-NP C, MOAZED

COMMANDER
U.9. ARMY ZOMM-ELEC ENGRG INSTAL AGY
FT, HUACHUCA, AZ 35613

Q1CY ATTN CCC-EMEOC GEORGE LANE

COMMANDER
J.5. ARMY FOREIGN SCIENCE § TECH CTR
220 7T STREET, NE
CHARLOTTESVILLE, vA 22901
01CY ATTN DRXST-SD
01CY ATTN R. JONES

COMMANDER
U.5. ARMY MATERIEL DEV § READINESS MO
5001 EISENHOWER AVENUE
ALEXANDRLA, vA 22333
JICY  ATTN DRCLOC J. A, JENDER

COMMANOER
U.5. ARMY NUCLEAR AND CHEMICAL AGENCY
7500 3ACKLICK WAD
3L0G 2073
SPRINGF IELD, vA 22150
QICY  ATTN L [BRARY

DIRECTOR

U.S. ARMY BALLISTIC ESEARCH LABS

ABERDEEN PROVING SROUNG, 40 21005 -
JICY  ATTN TECH 18  EDwARD BAICY

COMMANOER
U.S. ARMY SATZOM AGENCY
ST, MONMOU™, Nu o 07703
JICY  ATTN DOCUMENT CONTROL

COMMANDER
J.5. ARMY M[3SILE INTELLIGENCE AGENCY
EDSTONE ARSENAL, AL 35809

OLCY ATTN LM GAMBLE

DIRECTOR
J.5. ARMY TRADOC 3SYSTEMS ANALYSIS ACTIVITY
WHITE SANDS MISSILE RANGE, "M 88002

GICY ATTN ATAA-SA

BICY ATYN TCC/F, PAYAN UR.

QICY ATYN ATAA-TAC LTC u. ™ESSE

COMMANDER
NAVAL ELECTRONIC SYSTEMS COMMAND
WASHINGTON, 0.C. 20360
QLCY  ATTN NAVALEX O3k T, mUGMES
0ICY ATIN PME 1)
JI1CT AT~ PME 117-T
01CY ATTN COOE S01L

COMMAND ING OFF ICER
NAVAL INTELLIGENCE SUPPORT (TR
4301 SUITLAND ROAD, BLDG. §
WASMINGTON, 2.C. 20390
01CY ATTN MR, OUBBIN STIC 12
01CY ATTN NISC-50
01CY ATTN CODE 540% J. GALE™

COMMANDE R

MAVAL OCEAN SYSTEMS CENTER

SAN OIEGO, CA 92152
03CY AT™N CODE 532 w. MOLER
01CY AT™N CODE 0230 C. 9AGGET”
Q1CY  ATTN CODE Bl . EASTWAN

DIRELTUR
NAVAL RESEARCH LABORATORY
wASHINGTON, 0.C. 20375
J1CY  ATTN CODE 700 7. 2. COFFEY (25 CYS {F UN, 1 CY (5 CLASS)
JICY ATTN COOE 470l JACK O. BROWN
JICY ATYN CODE 4780 ARANCH HEAD (150 CYS {F UN, | CY [F CLASS)
QICY ATTN CODE /500 =G oMM DIR  SRUCE WALD
01CY ATYN CODE 7550 . DAVIS
01y  ATTN _ODE 7530
V1LY  ATTN CODE /5ol
01CY  ATTN CODE 7555
OICY ATTN CODE 4730 ©. MCLEAN
JICY ATTN CODE <4127 C. JOMNSON

COMMANDER
NAVAL SEA SYSTEMS COMMAND
WASHINGTON, D.C. 20362

0I1CY AT™N CAPT R. PITKIN

COMMANDER
NAVAL SPACE SURVEILLANCE SYSTEM
DAMLGREN, VA 22643

01CY ATTN CAPT J. <. BURTON

OFF [ CER - {N~CHARGE

NAVAL 3SURFACE WEAPONS CENTER

WHITE OAK, SILVER SPRING, ™MD 20910
0iCY AYYN CORE F3l

DIRECYOR
STRATEG(C SYSTEMS PROJECT OFFICE
DEPARTMENT OF THE NAVY
WASHINGTON, 0.C. 20376
01CY ATTN NSP-2141
QICY ATTN NSSP-2722 FRED ~IMBERLY

NAVAL 3PACE 3YSTEM ACTIVITY

P. 3. 30x 32960

WORLUWAY 205TAL CENTER

LOS ANGELES, CALI®. 90009
JICY ATT™N A, B. HA2ZARD

COMMANDER
NAVAL SURFACE WEAPONS ENTER
DAHLGREN _ABORATORY
DAMLGREN, VA 27Ln8
0ICY ATTN E OF-l4 R. 3UTLER

COMMAND (NG XFFICER

NAVY 3PACE 3YSTEMS ACTIVITY

2. 30x 32960

WORLIWAY 30STAL CENTER

<09 ANGELES, <A, 30008
JICY  ATIN TOE S2

OFELE OF NAVAL RESEARCH

ARL INGTON, vA 12217
JICY ATTN LODE +hS
JLICY  ATTN CQ0E 46l
JICY  ATTN CQOE 02
JICY  ATTN J00E 420
JICY  ATTN CQ0E 42!

SOMMANDER
AEROSPACE OEFENSE COMMAND DC
JEPARTMENT OF THE AR FORCI
ENT AFB, G ‘80912

OICY ATYN OC MR, .ONG

LOMMANOER
AEROSPACE OEFENSE COMMAND /XPD
ODEPARTMENT OF THE AR FORCE
ENT AF8, 20 80912

Q1CY  ATTN XPOQQ

01CY ATIN XP

AlR FORCE GEOPHYSICS LABORATORY
MANSCOM AFB, WA J17%1
GlCY ATIN OPR  HAROLD GARDNER
01CY ATYN OPR-| UAMES C. ‘AWlCK
0ICY ATTN iXB KENNETH §. w, CHAMPION
G1CY ATTN OPR ALVA T, STA[R
01CY ATIN PP JULES AARONS
01CY ATTN PmD  UURGEN BUCHAY
0lCY  ATTN PO UOeN P MULLEN




AF WEAPONS LABORATORY

KIRTLAND AFB, NM 87117
QlCY ATYN SUL
01CY ATTN CA ARTHUR H. GUENTHER
01CY ATTIN OYC CAPT J. BARRY
QICY ATTN OYC JOHN M. KAMM
0l1CY ATYN DYT CAPT MARK A, FRY
01CY ATTN DES MAJ GARY GANONG
01CY ATTYN DYC J. JANNI

AFTAC

PATRICK AFB, FL 32925
0ICY ATTN TF/MAJ WILEY
01CY ATTN TN

AIR FORCE AVIONICS LABORATORY

WRIGHT-PATTERSON AFB, OH 45433
01CY ATTN AAD WADE HUNT
01CY ATTN AAD ALLEN JOMNSON

DEPUTY CHIEF OF STAFF
RESEARCH, DEVELOPMENT, & ACQ
DEPARTMENT OF THE AIR FORCE
WASHINGTON, D.C. 20330

01CY ATTN AFRDQ

HEADQUARTERS
ELECTRONIC SYSTEMS OIVISION/XR
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

01CY ATIN xR J. OEAS

HEADQUARTERS
ELECTRONIC SYSTEMS OIVISION/YSEA
DEPARTMENT OF THE A[R FORCE
HANSCOM AFB, MA  J1731

Q1CY ATIN YSEA

HE ADQUARTERS
ELECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AF8, MA 31731

01CY ATTN DCKC  MAJ u.C. CLARK

COMMANDER

FOREIGN TECHNOLOGY OIVISION, AFSC

WRIGHT -PATTERSON AFB, O 45433
O1CY ATTIN NICD  LIBRARY
0ICY ATTN ETOP 8. SALLARD

COMMANDER
ROME AR DEVELOPMENT JENTER, AFSC
GRIFFISS aF8, NY 13uel
01CY ATTN DOC _[BRARY/TSLD
Q1CY ATTN OCSE v, COYNE

SAMSQ/SZ

POST OFFICE BOx 92960

WORLOWAY POSTAL CENTER

05 ANGELES, CA 90009

(SPACE DEFENSE SYSTEMS)
01CY ATTN SIJ

STRATEGIC AIR COMMAND /XPFS

OFFUT™ aFB, N8 58113
0LCY AT™N XPFS  “MAy 8. STEPHAN
N1CY ATTN ADWATE MAJ BRUCE BAUER
JICY ATTN NRT
01CY  ATTN DO CHIEF SCIENTIST

SAMSO /5K
P. 0. 80x 92960
WORLDOWAY POSTAL CENTER
LOS ANGELES, CA 30009
Q1CY ATYN KA SPACE COMM SYSTEMS) M. CLAVIN

SAMSO /MN
NORTON 4F3, CA 92409
(MINUTEMAN )

QICY AT™N MWL LTC KENNEDY

COMMANDER
ROME AR DEVELOPMENT CENTER, AFSC
HANSCOM AFB, MA  QL735L

0lCY ATTN EEP A, LORENTZEN

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERAT IONS UFF(CE
P. 0. BOX 5400
ALBUQUERQUE, NM  87115S
ICY AT™N DOC CON FOR 2. SHERWOOO

DEPARTMENT OF ENERGY
LIBRARY ROOM G-042
WASHINGTON, O0.C. 20545
0ICY ATTN DOC CON FOR A, LABOWITZ

EGEG, INC.
LO0S ALAMOS DIVISION
P. 0. BOXx 809
LOS ALAMDS, NM 85544
01CY ATYN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P. 0. 80x 808

LIVERMORE, CA 94550
01CY ATYN DOC CON FOR TECH [NFO DEPT
01CY AYIN DOC CON FOR L-389 R, QT
01CY AYTN DOC CON FOR L-31 R, HAGER
01CY ATYN DOC CON FOR L-4b6 F. SEWARD

LOS ALAMOS SCIENTIFIC LABORATORY

P, 0. BOX 1663

LOS ALAMOS, NM 87545
G1CY ATYN DOC CON FOR J. wOLCOT™
01CY ATYN DOC CON FOR R. F. TASCHEK
0ICY ATTN DOC CON FOR £, JOMNES
Q1CY ATTN DOC CON FOR u. MALIK
01CY AYYN DOC CON FOR R. JEFFRIES
01CY ATYN O0C CON FOR u. ZINN
01CY ATYN DOC CON FOR P, KEATON
01CY AYTN DOC CON FOR D. wESTERVELT

SAND[A LABORATORIES
P. Q. 80X 5800
ALBUQUERQUE, N4 87115
01CY ATTN DOC CON FOR J. MARTIN
01CY ATYN DOC CON FOR w. 9ROWN
01CY AT™N DOC CON FOR A. THURNBROUGH
01CY ATYN DOC CON FOR T. wRIGHT
0ICY ATYN DOC CON FOR D. DAMLGREN
01CY ATYN 0OC CON FOR 314l
01CY ATYN DOC CON SOR SPACE PROJECT DIV

SANDIA LABORATORIES

L [VERMORE _ABORATORY

P. 0. BOX 969

LIVERMORE, CA 94550
01CY ATTN DOC CON FOR 8. MURPHEY
OICY AYYN DOC CON FOR 7. COOX

OFFICE OF MILITARY APPL{CATION
DEPARTMENT OF ENERGY
WASHINGTON, J.C. 20545

G1CY  ATTN DOC CON FOR D. GALE

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN RD/SH, RM 5GUB, =Q L6
NASHINGTON, 2.0, 20508

01CY ATYN OSI/PSID am SF |9

JEPARTVMENT F ([OMMERLE

NATIONAL BUREAU OF STANDARDS

mASHINGTON, D.C. 2023w
CALL CORRES. ATTN SEC JFFLER FOR)
OICY ATTN ], MUORE
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INSTLTUTE FOR TELECOM SCLENCES
NATIONAL TELECOMMUNICAT(ONS & [NFO AOMIN
J0ULER, 0 30%03
JISY  ATIN A, JEAN (UNCLASS ONLY)D
JILY  ATYN W, JTLAUT
WY ATYN DL ROMBLE
JILr ATYN (. HERRY

NATIONAL OC=ANT. & ATMOSPHER|C ADMIN
ENVIRONMENT AL RESEARCH LABURATIRIES
DEPARTMENT O JOMMERLE
BOULDER, 10 30302

JICY ATYN Q. SRUBB

JICY  ATYN AERONOMY _AB . REID

JECARTMENT OF DEFENSE CONTRACTORS

AEROSPACE CIRPORATIIN
2. 3. A0x 32987
<0 ANGELES, <A 3000y

JICY  ATTN 1L SARFUNKEL
QIIY ATTN T SALM]
JICY  ATTN v, JOSEPHSUN
ALY ATTIN S, HOmER
Wy 3TN NL STOCKwELL
JICY  ATTN 2L JUSEN

JLIY  ATTN SMEA -OR Owe

ANALYTTCAL SYS7aMS ENGINEERING (ORP
S D CONCORD VAD
BURL ING™ N, ™A 11303

JICY  A77N QALY SCLeNCEs

JERWMEL Y WSEARLS AS0CIATES, INC.
2,3, d0n W3
ERMELEY, A WQL

JICY  ATTN . #ORRMAN

JOE I, JOMPANY, THE

LSS (o) S D B

JEATTE, wA 381w
JIEY AN L REISTER
LY ATYN DL MURRAY
ALY ATTN AL
JIIYATTN L CENNEY

CALIFORNIA AT SAaN 2EWD, UNIv F
.. Box 6049
San Dicyo, CA 92106

IROWN NG INEER NG (OMPANY, INC,
CUMMINGS RESEARODN AR
SUNTSVILLE, AL 35807

JICY  ATYN ROME) A, DELIBERIS

CHARLES STARK DRAPER _ABORATORY, INC.
558 TECHNDLIGY >QUARE
CAMBRIDGE, WA J21%9

JICY AN D 30 IO

Iy ATN L. 2, SIUMORE

JOMPUTER SUTENCES [ORPORAT ION
2%0% ARLINGT N VD
FALLS CMURCH, vA [l0uwb
LY ATy =, LA
LY ATTN QPN SPOOR
JILY AN L NALL

TOMSAT _ABORATORILS

~INTHICUM Q0AD

CLARK SBURG, MD 207 Y
JICY AN . mYDE

CORMEL. UNTVERSTTY
JEPMTMENT F D ECTRUCA ENGINEER[NG
I™MACA, NY {6880

J1CY AT°N D, T, FARLEY A

ELECTROSZACh $YSTEMS, InNC.
90X 1354
RICHARDSON, "o "S080
QLIY A" L LOGSTON
LY ATTN SECURITY (PAUL PHILLIPS)

ESL M.
w96 LAVA M| vE
SUNNYVAL:, JA edse

JICY  ATTN L R0OBLRTS
JICY  ATTN LAME S “MARSRAL
GICY AN DL Wl PRETT (s

FORD AERUSPACE & OMMUNICATIONS (ORP
3939 Fagian wAY
PALD ALY, <A 94308

JiLY  ATIN L, T, MATTINGLEY

SENERAL SUECTRIC JOMPANY
SPACE DIvISION
VALLEY & WGE SPACE ENTER
AD0ARD 3LD “ING . PRUSSIA
2, 0. 30x 885
CADEPHLA, 24 31!

LIy ATYN M., SORTNER  SPACE 51 LAB
GENERAL £LECTRIC COMPANY
2, C. A0 112
SYRACUSE, NY 18201

Ol0Y AT ¥ RE([BERT
GENERAL HECTRIC JuMPaNY
TEMPO~-CENYER <OR ADVANCED STUDIES
Blb STATE STREST (PO, ORAWER Q)
SANTA AARSARA, (A 33102

JICY  AT™N DAS[AC

JICY  ATTN DON UHANDLER

JICY  AYYN TOM JARRE™™

JICY  ATTN TiM STEPHANS

JICY  ATTN #ARREN 5. XNAPP

JICY  ATYN wiLL!AM MUNAMARA

JICY  ATYN 3. sAmBI(_.

013Y  ATT™N MACKR 5TANTON

SENERAL ZLECTRIC "ECH SERVICES (0., INC.
™S
CHURT STREET
SYRACUSE, NY 13201
LY ATYN G, MILLMAN

SENERAL RESEARCH JORPURATION
SANTA 3ARBARA DlvIsTon
P. 0. 30X »1TTY
SANTA SARBARA, TA  3%ii)
QICY  ATTN LN [SE OR
JICY  ATTN JOEL GARBARINO

JEOPHYSTCAL INST[TUTE
UNIVERSTTY OF ALASKA
FA[RBANKS, Ak 39701
VALL CLASS ATTND SECURITY DFFICER)
JICY  ATTN TN davis (UNCL OALY)
QIZY  ATTN NEAL SROWN (UNCL ONLY)
JICY  ATTN TECHNICAL L IBRARY

STE SYLUANLA, INC.
SLECTRONICS SYSTEMS GRP-EASTERN Olv
TtA Stege”
NEEOMAM, MA 02194
JY ATTN MARSRAL CROSS

L INOIS, UNIVERSITY OF
JEPARTMENT JF CLECTRICAL ENGINEERING
JRBANA, 1L 51303

QICY  ATN X, YEM

[LLINOES, JNIVERSITY JF

107 J0BLE AL

801 5. wRIum™ >7REE”

URBANA, L 50680
(ALL CORRES AT™N SECURI®Y SUPERVISOR £OR)
01CY  ATTN K, YEM
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INSTITUTE FOR JEFENSE ANALYSES

40U ARMY -NAVY ORiVE

ARL (NGTON, VA 22202
LY ATTN UL ML AEIN
JICY  ATTN ERNEST 3AUER
GICY  ATYN <ANS WOLFHARD
QI1CY  ATTN JOEL BENGSTON

. AFRED CRCALE
3E.- KD, MA 01730
212Y  ATTN DONALD HANSEN

INTL OTEL 8 TELEGRAPH CORPORATION
50U wAS=INGTON AVENUE
MITLETY, No J7110

CLCY  AT™ TECWNICAL LIBRARY

CAYLOR
LU TaMinND DEL MAR
DEL AR, 4 32914
J12Y ATTN 5. R, GOLDMAN

DPNS HIPXINS UNTVERS(TY
APPLLED PH4YSILS LABORATORY
JOHNS =OPKINS ROAD
LALREL, MO 20810

GLIY  ATYN DOCUMENT ([BRARIAN
J1CY  ATYN THOMAS POTEMRA
LCY O ATTN JOMN DASSOULAS

LIK~EZD MES3ILES & SPACE CO INC
2.0, 30x S04
SUNNYVALE, (A 94088

JICY  ATTN DEPT 60-12

JICY  ATTN D, R. CHURCHILL

LOCKHEED MISSILES AND SPACE CO INC

3251 ~ANOVER STREET

PALD ALTO, CA 4304
1LY ATTN MARTIN wALT DEPT 52-10
JICY  AYTN RICHARD G, JOMNSON OEPT 52-12
1TY ATTN WL L. [MMOF DEPT 52-12

CAMAN 3 TINCES CORP

2.3 30x Tes3

LSLORADC SPRINGS, CO 80933
JICY  ATTN T, MEAGHER

o iNKATT TORP
10653 SELL
AN D1ER), CA 32121
JICY  ATTN [RwiN JACOBS

M. 1.7, LINCOLN LABORATORY

.00, 30x 73

CEUINGTON, MA 02173
JICY  ATTN DAVID M, TOWLE
JI2Y  ATIN P, wALDRON
JIZY  ATTN L. LOUGHULIN
JICY  ATTN O, CLARK

MARTIN MAR[ET"A CORP
ORLANDO DIVISION
2. 80X 5837
ORLANDO, FL 32805
JICY  ATTN R, ~EFFNER

MCDOMNELL DOUGLAS CORPORATION
S35l J0ULSA AVENUE
MUNTINGTON BEACH, CA 92647
J1CY  ATTN N, ~ARRILS
J1CY  ATTN J. MOULE
01CY ATTN GEORGE MROZ
0ICY  ATTN W, OLSON
JICY  ATTN R, W. MALPRIN
Q1LY ATTN TECHNICAL LIBRARY SERVICES

MISSION RESEARCH CORPORATION

735 STATE STREE™

SANTA SARBARA, TA 33101
0lCY ATIN P, F{SCHER
01CY AT™N w. F, CREVIER
01CY ATTN STEVEN L. GUTSCHE
01CY ATTN D, SAPPENFIELD
J1CY ATTN R. B0GUSCH
01CY AT”N R, -ENDRICK
01CY ATYN RALPH KiLB
0l1CY ATYN DAVE SOWLE
01CY ATYN F, FAUEN
01CY ATTN M. SCHEIBE
01CY ATTN CONRAD L. LONGMIRE
O01CY ATYN WARREN A. SCHLJETER

MITRE CORPORATION, THE

P. O. BOx 208

BEDFORD, MA 01730
0lCY ATYN JOHN MORGANSTERN
01CY ATTN G. MARDING
0lCY ATTN C. E. CALLAMAN

MITRE CORP
WESTGATE RESEARCH PARK
1820 DOLLY MADISON BLVD
MCLEAN, VA 22101
GlCY ATTN w. MALL
0ICY ATIN w. FOSTER

PACIFIC~-SIERRA RESEARCH CORP
1456 CLOVERF [ELD BLVD.
SANTA MONICA, CA 90404

GICY ATTN E. C. FIELD R

PENNSYLVANTA STATE UNIVERSITY
[ONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINEERING ZAST
UNIVERSITY PARK, PA 16802
(NO CLASSIFIED O ™IS ADDRESS)
0lCY ATTN [ONOSPHER!IC RESEARCH LAB

PHOTOMETRICS, [INC.
442 MARRETT ROAD
LEXINGTON, MA 02173
0ICY ATYN [RVING L. XOFSKY

PHYSICAL DYNAMICS INC.
P, 0. BOX 3027
BELLEVUE, wAa 98009
0l1CY ATTN E. J. FREMOUW

PHYSTCAL DYNAMICS INC.

P. 0. BOX 10367

QAKLAND, CA. 94610
ATTN: A, THOMSOMN

R § D ASSOCIATES

P. 0. BOX 3695

MARINA OEL REY, CA 30291
01CY AY™N FORRES™ ILMORE
01CY ATTN BRYAN GABBARD
01CY ATIN wWILLIAM B. #RIGHT WR
0lCY ATTN ROBERT F. LELEVIER
01CY ATTN WiLLIAM J. KARZAS
O0lCY ATTN M. ORY
01CY ATTN C. MACDONALD
01CY ATTN R, TURCO

RAND CORPORATION, THE

1700 MAIN STREE™

SANTA MONICA, CA §0406
01CY ATTN CULLEN CRAIN
OICY AT™N £0 BEDROZIAN

RIVERSIOE RESEARCH [NSTITUTE
80 WEST END AVINUE
NEW TYORK, NY 10023

0ICY ATTN VINCE TRAPANI

= -




SCIENCE APPLICATIONS, INC.

P. 0. 80x 2351

LA JOLLA, CA 92038
QICY AYTYN LEWIS M. LINSON
QICY ATTN DANIEL A, HAMLIN
01CY ATYN D. SACHS
01CY ATYN E. A, STRAKER
01CY ATTN CURTIS A, SMITH
0ICY ATIN UACK MCDOUGALL

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

0ICY AYTN BARBARA ADAMS

Science Applications, Inc.
1710 Goodridge Dr.

McLean, VA 22102

Attn: J. Cockayne

Lockheed Missile & Space Co., Inc.
Huntsville Research & Engr. Ctr.

4800 RBradford Drive
Huntsville, Alabama 35807
Attn: Dale H. Davis

SRI INTERNAT [ONAL

333 RAVENSWOOD AVENUE

MENLO PARK, CA 9qu025
GICY AT™N DONALD NEILSON
01CY ATYN ALAN BURNS
0l1CY ATYN G, SMI™
0lCY ATIN L. L. COB8
OICY ATTN DAVID A. JORNSON
01CY ATTIN WALTER G. CHESNUT
0LCY  ATTN CHARLES L. RINO
0I1CY ATYN WALTER JAYE
01CY ATYN M, BARON
0lCY ATYN RAY L. LEADABRAND
01CY ATYN G. CARPENTER
01CY ATYN G. PRICE
O0ICY ATTN y. PETERSON

01CY ATTYN R. MAKE, JR.
01CY ATYN V. GONZALES
01CY ATTN D, MCDANIEL

TECHNOLOGY [NTERNAT [ONAL CORP
75 WIGGINS AVENUE
BEDFORD, MAa 31730

0lCY ATYN w. P, BOQUIST

TRW DEFENSE §& SPACE SYS GROUP

ONE SPACE PARK

REDONDOQ BEACH, CA 90278
01CY AT™N R, X, PLEBUCH
0l1CY AT™N S. ALYTSCHULER
01CY ATYN D, DEE

VISIOYNE, INC.
19 THIRD AVENUE
NORTH WEST [NDUSTRIAL PARK
BURLINGTON, Ma 01805
01CY ATTN CHARLES HUMPHREY
01CY ATIN . w. CARPENTER
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TONOSPHER[C MODELING DISTRIBUTION LIST
UNCLASSIFIED ONLY

HPoosnr METeld Tt ONE LOPY TU EACH OF THE FOLLOWING PEOPLE:

AOVANLTD RoibaR = PRIGECTS AGENCY (ARPA)
STRATEGLC 78 mNCOGY OFF[CE
ARCINGT N, viIRGINGA

CAPT . DUNALY ML LEVINE

NAVAL RESEAR_ - _ABORATORY

WASHINGTON, 0.0, Z0%°S
DR, P MANGE
OR. R. ME1ER
OR. E. SZUSICIEWICZ - CODE 4127
OR. TIMOT~Y COFFEY - CODE 4700 (25 COPIES)
DPR.OS. USSAKOW - CODE 4780 (160 COPLES)
DR. . GOUDMAN - CODE 7560

SCEENCE APPLICATIONS, INC,
1250 PROSPECT PLAZA
LA JOtLA, CALIFORNIA 92037

OR. 0. A, ~AMLIN
OR. «. CINSON
OR. D. 3ACHS

DIRECTOR F SPACE AND ENVIRONMENTAL LABORATORY
NOAA
BOULDER, CULORADU 30302

>

OR.
OR.

. GLENN JEAN
. W. ADAMS

« N. ANDERSON
. DAVIES

. FL DONNELLY

X%
oA G

A, KL LEOPHYSICS LABORATORY
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